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у. INTEPODUSTION 
11 Зазпету 

In tbe mein text s study із made of the effect of vertical tine dependent 
eng de»d losds on the horizontsl responca of tingle degree of freedom frenes., Та 
eopendixez Т nod [Y & pinned-end solumn is miguieted by s відріє decree of Tres- 
дов model snd sz study is eds of the effset of initio] erookrednessm ed 1114121 
8180lecenent con tha amiaus Aleplecenent and tine required to deflect. 

Та solving foc tho response of the single degrea of freadaxn Ргат, ueing the 
ageceleration numerics? method, the torizontel seeeleretion of the floor mess is 
teken es the difference between the horimmntei lord end Ye herizontel resistenes 
divided by the qens nf the aystem. Tor ai=riifiestion tn syaten is taken with 
the mess concentretel nt the ficor level snd the >Porizoatei externsi foroa teken 
ta wet st the floor level. To detersine the response it is then naeses"ry to 
know the horizontel resistance wren vertion! leeds see іпе адеб. 

tgditioa of the verticos] loade will chenge the atrueturs rorirortel resist- 
васе betnuse of both en increage ín the column monente dum to 3112 econatricity of 
She vertien: loeds end by tre exisl loed on the column section onuging lnelaet!c 
estion to begin with less section moment. Tn sa existing sooroximete method for 
sllowing for t^e vertical lord the effeet of the 2491410101 moment is в] Lowes 
for, but er the affect of the sxíal losd on the seation ineleetie ection.  "ur- 
ther, the vertien! loeds, sbether Live ог tord los3, will ecuss 2 change in the 
natural frequency in the elastic range, “ra ~nan ie dependent only on the deed 
loed; but the effective abring cosstent ie deverdent on the total vertices! Losd, 
tneluding live loud. 

The form of the horigontel resistence ic ehown fer: 


і, The Cage тате «of? the structure resiatemee, б 73. ў, 38 BHO. 
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8. The case where o of the structure resisteace, N тп. у, le not tera. 

З. The coge where a Of $24 colusn aretiío sioment-curyeture reletion ie 
greeter then zero, 

For cese (1!) abova it is possible to determine the onllepoe defleetion (the 
Yefleetion yt which say inerense in the dosd loed with enly dest losd setiag «111 
owusa the structure to continue to deflect to failure) exd the horisontell reelet- 
засе, nd for cese (2' it is eeby to determina iT tha struetuere ins e enllepes 
deflection ws defined shore, and 17 zo ite үсіне, 7% із also у to éetornise 
tres form of t^5 roaistoneo for this eceso., "ut for orza (31 the reletion da Shown 
пої to be so aimple. For eese /3! goo criteria must be esteblished for e rela- 
tion between тегії скі loed and a to determine wien the etrneture will heve s opl- 
ерте Aefileetion. à ration ie fount in thet if 275 «к , Гар веве (3), по feil- 
ure deflection existe. If no eollacpae deflection, 58 З0Гізед, srirts some other 
failure criteris mist be scteblizned. 

тог. УУ. Newnerk, University of 1111роіч, Рав бете) огей по enpror im le 
ezuivelant unl’ora resistrenee method for detenniniae ths Loed-tiee reletion whieh 
will produce о sazxie@un dafisction esuel t^ som predstemipnid velue when a of tbe 
structure гозілбюлов ів sol zero, but ks constant. if the yield cmi xia 2е- 
fleetiona, hen put in the proper teres, «re used in thie srpressieon it ern be 
used to әсерпіс ths reeconse inciutin the effect of the vertieel lard, Gave 
parison ої the results of this epproxieete reletion has boen anda with more exrot 
таїнев founa for tke moeximums Sefleetion esurl to the eollsnse deriestion. 
Statisties) ecorreotion factor for use with the eprrorieete eqifwelent uniform 
resistones la recommended for the renga of t;/Tq between 7,1 вла 1.0. 

“hem time dependent ineás ere ергіїед бо я structure the вргре 07 the pulses 
wili influence the response. Іп tio renga ef 51/7 less than 0,1 tin vertical 
time Jerentent load bre Little effect on the borizentel response. Tor pilses oT 


equal smoust of impulse t e initial реак ва will croduee ^ trerter suount of 
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5. 
төнуопае 156. the step pulee. Yor low values of tj/Tg Ue terninsl Pesk responso 
appronches thet af the Initirl реак und tor larger velues of t,/T, the terminal 
peak resoores єрргопепни thet ef the step pulse. 2 gersral trend, indene-dact of 
the amount of vertiosl lond, ora be found for tbe pesporse of tés terinsl end 
initirl peeks in terms of the response for the sten zulse. Tor tre initiel pevk 
pulas it ig possible to find en equivalent stee pulse for the дове ә уур» 

if rn sxisl loná step pulse, eguel to ог grestar than the eritieal buexlicg 
ioed, ј :pplied to з ninned-end eclunn wbich kes isitiel crnokeínees tie erount 
of the initis1 erookeänese will influesee the герле, The grorter the initiel 
éronkedness the greater will be the aeximue deflection end tha lese ting required 
%0 retoh HERU 3071001100. Thia ts investigated in erpendix I. 

Tn eopendix ТІ en lovaentigttion Is sede of the affect of the мера) ойе of an 
initiel dinpleconant given io en initielly straick+ exslugn «bean а step pulse, 
ezasl or prester in sognitude then the critios] buexline loed, is applied. Kea 
plene di uprens, plots cf tine to reseb neifíruwx enflection va. initiel disnieee- 
ment end e®enituces of пахло deflection va. iuitiel diapitessect tre veel to 
Show the affect of the imitim displee=mert on the responge of the column. 

1.2 Mommnelsture 
я *orizontal force ser column. 


Es сфезіє korimente! force, per lwan, tket produces sia) dime Mth ro vert! esl 


ved вет: лр. 


Пейлезі horizortsl foree, per eclumn, thet стобиров 71814 when rertt@el 
Long in 2010428. 


Peg “Static herizontel force, ner columna, 61 yield of tin equivalent usni Tong 
resiatance. 


Ky "ee mg foros, Jer column, ap to yield, mo vertfor. ired. 
Ko Soring foree, ver lwan, after yield, no vertictl] loseg, 
Kir terine forco up to yield, vertícei load tetiog. 
Ko. Goring foree efter yield, vertierl inet setting. 


L length of eolımn. 
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3. 


sonant et top of ріппей-езі column, end et ton and battor of fixel-bese 
column. 


Section moment et yielding, ио sial load. 
Slastie linit exirl 1090, per column. 


Vertice] or axtel load seting, per column. 
Р = Тр. = 1 Por 


Oritiesl bueklibg loed, Per eoluun. 

Duration of loed pulse. 

Neturel paricd with vertices] load. 

Metural period without vertical lord. 

y/L/2, appendixes I ead ІТ. 

du/at, appendixes ї and II. 

aû/at®, appendixes I and TI. 

¥,/e, appendixes I end TI (initiel егоокедпеве). 
Laterel Alsplacenent. 


Differential disnlacesest between top eid bottom of frame columns end 
initial center defisctíon for pinned-erd model of envendlzes T “па 771. 


Yiel’e deflection, no vertical lord. 
Yield deflection, with vertical load. 
Wexinus deflection. 


Gollepse deflection; thst deflection et which the vertices) load will esues 
the structure to contirus to deflect without horizrontel] load. 


Yield defleetion of approxicete ecuivelent uni fora resistance. 

Velocity of tos of column at tina of vielding. 

Velocity Of top of enlumn nt and of losd rulse. 

The retio between the slope efter yielding to the slope before ylelding of 
etruetural resistance, H va. y, end Y vs, = curves when the curvos have 
constant slope before «nd efter yielding. 

Perf? : pia the fraction of Pep thst tha vertierl load is equal to. 


The fraction of Pe, thet the derd losd іа equel to. 


Tho frection of Far that the time dependent vertierl losü is equel to. 
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козе} = Тж 4 7%. m 
Ty = Of Por thet the everege of the time dependent verticel lord ie 
а Section rotetion. 

ду Section retstion et yield, no arial lord. 

Sq Yield stress, uni-nxínl state of stross. 

A, The aversge horizontal time dependent lord. 

Oa Wsturesl frequeney, 20 vorticol losd, 

e. Чәфогеі frequency, vítk vertice losd. 


The designation of r is the neme na 7 axcept thet it refers to Pa insteed 


cf Per" 
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IE. BOP OTL эс OF reverer aioe 
СОБИ OOmwT AT (FT TMD TS © 


8.1 bject of (ection 

In this geotion the reisticn of horizontal load, vertical loud sad displece- 
ment ts studied to ghow the interestion betwees these for the case where af the 
Structural resistance is zere. This is done for both fixed end pisned-bege 
single story fremes. The girder orent of inertia іа teken to be vary јетде із 
comperison to the moment of inartje af the coluens. The exial loed "ill 1логевео 
the end somente by on mount equel to Pyg. Thia ineresse in moment must be al- 
јомед for, ва wall ле the reduction in meenitude of M, et yisldiog due to the 
ахізі ізей. Throughout this resort valuen will be worked cut in teres of in- 
divijuel colunn longa end properties. 
2.2 Мафегілі кай "отеле Teletion 

"Һе column estorir1l is trkeg to be en idoel plestic ome (strees-strein 
curvas shown figure 1). 23 tha colunn section en E type esction La »sseused ond 
the bending exis is taken perpendicular to the меъ. For thin tyre seetion md 
16081 plastic wteri=sl the Move. = relation for the section will be of the type 
shown in figure 2 as “/a ys. 6/6. This curve cen be ideslized to two streight 
lines es slso shown figure 2, “Ath the volue of ke chosen, the curve enn be eon- 
тогъай to dimensicnilers Тога. if any sllowerees is to be mede Tor thes affect of 
inereese in yield point beeruse of speed of losding, or atrein rate, it would ђе 
reflected in value Of Se, thue producing s Ch nee in the есуше) Ж vs. & reletion. 
iny sllowenoe for non-perfect section world be mode in okolice of З,» + preetienl 
choice of М. is to teke it се the momant shen inelastic ection just penetrates 
through the flenges. Tre etrusture horizontel resietrnee, no vertieri lowed, for 
this ideslized u/s, vs. 5/0, curve is shown in figure 3. 
2.5 Pesíatenca of “inne?-Ease Frane 

wor the pinned-bnse Грете, shown figura 4, and for the elestio condition the 


moment, Y, st any section мії) ђе: 
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М = -e Py tx = ЕЛ РУДЕ 2.3.1) 


This lends to еп expression for the deflection at "ny point as follows: 


ze (2.3.2) 
y y а («ҮР X СЕ РР У + ТАМ Zt] = an 


Let ? per column be defined as Pe vDq e TP,, where [к ТЕТ 2 (per column) 
for the pinned-baae frame. Then the deflection yg et xeL is: 
(2.5.8) 
Yo E ° Z Fan = 2 1| 
It сеп be seen from (2.5.3) tbet for a constant P the deflection is r lineer 
function of E, 
Fith tho ideslizad moment-eur veture curve, figure 2, the relation 
Hie + P/P4 = 1 defines the yield conditions and also must ba setisfiod after 
yielding hes occurred end the deflection increased beyond tke yield deflection, 
¿a elasto-plestic ғпе1узіз, with a hinge formiag at the top of the column, is 


used. А дестевве in deflection efter yielding hea ocenrred will be elastic. 


Then at yield: 





Рч + HL р, = 1 = (1-т)м. - HL (2.3.4) 
е + /Р в = = 
Ме е P 
Then: y \ (1-т) Ма ) 
ек + TAN xo L (2,2,5) 


For the elastic reuso E є KEY: where Kip is the redueed spring conatent beosuse 
o? the exiel losd. "єв previously noted, for s constent P, the E v8, у relution 


is (пету, Fence k is eonstent for the constant P. 
је 


Then: k 1 - P _ тп? 1/4? 
5 L (5 ТАМ 47 по – E <_ Pan ir T -1 6) 
TTC I A "E 5.2. 


Ву в #Pephicel comperisen this cen be shown to reduce to: 


ni 
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Res SEL (1-7) (2.8.7) 


: 


l- T 
Jen = к + (age tan Ur En) ( > e (2.8.8) 

?автб1опв (2.5.5) апд (2.2.8) > Бер "å Yep Will then define the yield 
eonditions when rxlsl losd ie inaluded. Yor this inforsction to be readily use~ 
able it must be possible to muke s plot from whieh the yield deflection ené re- 
sistezes for eny colum ond exiel load enn be taken. The reletion of these de- 
pend on tha relativo vslues of Pe Må Pept Thus a Yarietion in the ratio of 
та - Рег/Ре will cause s chango íin the yield deflection and yield resistence 
зе йе". To represent this verletion the yield loei Тог different velves of 
the "Ж ratio are plotted in dimengleoless form in figure 6. The resisteurce peth 
from the origin will ba elons e straight line, tre siose of whick is dependent 
only » the megnitude of Y. The intersection of this resistence path with the 
different yield loci will define the yield point for auch Ж ratio. fter 
yielding the slope will tecoma пеунбіте. Tor tre pínned-bese column Yq tig /SEI/L” 
end Hg = Yg/L. In addition to yield leei for severe] retios of Ya , resistence 
разре Гог severe) vsiues of y are 2130 shown in figure 6. 

The expression for Yo, betosez indeterminete se у +] . To determine Tye 


for У є 1 and Tf © 1 uge the following expression: 


Чек = Фа I (Meperpe ) (5.5.0) 


For т/у 1 ond y=] Ver is ease Yee 

то define the elestie portion of the recist- nae curve all thet it is ngecas- 
sery to ёо їе to ohoogo tte т/у Logus ocorregnondiaz to the coles properties, 
and then follow the y resistente vath, corresvondine 50 tre 1084, out to the 
yield locus. The portinn of the y petih betwean the origin inl yield loens will 
за tha sleatic resistence path. 

For velues of т/у =1 the yield loci sft tre origin will be psrellel t5 the 


y recistanos peth eorrespondins to T=1 . еп Т= 1) (У <1 ),4в the limiting 
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9. 
werticel losg for 5o positiva horizont&)] reetatenee. “nelsetía section will Then 
bagin at у = С end y. 9. Foy this esse for T-| , Yor = Уг Shao glossa of the 
neretive renictence Seth Tor this omas «efter yialding is the sume es Koy found 
for the sene y for any other veluo of T/y . This ease is illustrated in figure 
7. 

men T< 1 the yield loei do not start from bhe origin ae Mown in figure 
$ and exprespeád by equatíon (2.3,9). The Limitine lord for no positive bori zon- 
te] resietence is Y =1 . For 721 tha horizontal resístsaeo is O until 
in ER is reached; where the horizontel resistonce then be- 
fje Yır? 
eomes летебіує, This cone ¿2 illustrate iz figure B. 


15 the collapse defloction М/о + Р/Р = 1 


8 Ри = 4 
a 2P, А jer DN ALE “Бет д2 


“he registsnee »5th betwoen the yield point sed tre eollepse defleetion will 


‘AA: Рт Ү not to excesü 1) 


(2.3.10) 


also Бе э strelgrt line; the slone being determined by Y. 
у 5 А ж 4 Y ғ 4 ad - ^" 
The spring constent, Kip?’ un to the yield point ie Ка = ЗЕТА || у) . The 


spring constent Kon between the yield point ғал the collspss deflection !a 
k = Kir 

ід 1) 
yon = 


The value of Yap: 


Map Md Ур whan put into disensioniess form ere: 


(1- т) = MR | 
Jery 7 (1-7) 2— tanty IT Tae — — (7.2.11) 
ХУ 77 г 


Herf, = ВЕ жа 
He (2. tan GIT 
{у тг 2 
2.4 Гвајађезсе 07 Ујхедјећеће Preme 
Por the fixed-base frees, stown figure S, the morent, У, st any section 18; 
М = - Mo t Hx +Py = - EI d?y/gx2 


"he smlution of thie equetion sai the substitution of Р т rng 
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16. 
Р sr EY, 2 will lond to the following exvresavion for the value of the ĝe- 


fieetion yg 2% x @ :: 


m 2 " (2.4.1) 
do = He [Ba tanto —1] 


whieh in the sene as for the pinasd-bsas frena. “owever, it fs noted thet for 
те везе eclurn section ent lenets the yelne of У. for the fixed-bese frame is 
four times thst for the pinned-bese. (0 elasto-plastic enalysin ir used with 
plestioc binges eecumed to form siwulteneourly at the tor and botton of column. 
Following the seme ree2zoning es Гог the ginned-bese frena (Бе following esuetions 


for the fixed-boase freee ape errivad et: 


"- a 2 c 4 2 М 
Her = zer ми) T ad v) &- Fan EF | heye) 
Mr 2 (2.4.2 


| " - 12 (1-0) 
Kun? (2E1/, ( р у) у = een (МЕТЛА) 
= Mr 

(Iger!) 


then cut into dieensioniees form these sro! 


К.к = 


Не/ = — (1- т) 4 
Кжи з 2-5 К =(1-? - 12(1- 4) 
un a aro un SR 


"qurtions (P.4.35) ara of the same form ке the corresponding ones for the 
piuned-bege frere. Therefore the resist:nce curves for both the Fixed end 
sinned-ended fremex, when in the dieensionlags fors, are the sume and figura б 


may aleo be used for the Tixetd-beasa freee. 
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Турісе! 72711188 of resintaenta curves fov ^A e 2 end 1/3 nre illustroted in 


figuren 7 "a4 2, 
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11. 

When the load Р, iscluding dead losd, reweins constant tha resistenes will 
follow along the spproprinte у rasistenes path. Powever, if ° is s verying qum- 
tity the resistence will undergo s trensition between the different peths, but 
not slwnys in a direct menner., The possible aetheds of obeuge ere covered in the 
following 22598. 
nes I = Structure not yielded. 

P een very in any manner, ineresse or decracae, 201 st a given y the re- 
sistence for use in the nuneries] ггоседиге «ill be thet corroeaoonóing to the 
value of Y nt the given y. This is illustrated in figure 2. 


безе ТІ - Structure yields? on} there iz 5 decrosso in l' ogeurring ав u step 
funetion. 


Let F very ss shown 1n firuro lO. Tn the ¿yaumte analysie the chenge in P 
takes pleca st Alsnlecement yy 9t є given instent of time. Tn the numer ioc) 
selution of the dynamic proklen when 7 obsnges, chaeages in ourvature and dcfleo- 
tios de not teke сізде until some leter tire. Therefore becenso of the tine els- 
ment there will be no instenteheous chenga in coment sad the moment sft the columa 
eni will ba seíntsinod 2$ М = (1- T1) Mg until after ty. То «-sintsiín the someat 


5t this velue, 9 will heve to fustentenecusly Increase to some valus Hp st ty. 


Ty far load before t 
ns a T= TY, зе | qg for loe efter t, (9.5.1) 


This velue of Hy will be less then the H of the yp path for the Gefieetion 
Yi et thea loed step. Tryon tkis valua of Ho et yy the structure “111 sot elsstic- 
elly until the Yo path is interaected, end et the elestic slope of "Yos end wil. 
ейтіп zo plastie when the v4 ourvo із intersected. 4 gregnier] чөзлой for ob- 
taining the value of Ч. ie shown in figure 11. However, in tha pussrictl golu- 
tion, 17 the deflection st the end of the first tica interwei ofter the lora 
chengs is much lerger then the deflection st the lowed chenso, ta sali prount of 
Glestie section теу be nesleciná са 1% would then introduce little error. If the 


elestie setion is to be negiacted, et 5) ео тәтбісеііу fros the ті to the Yo 
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curve. 
Case ITI - “tructare yielded and P insrensing. 

Тр this cege М/м, + Р/Р. = 1 will bo meinteined during the ehenge. is P in- 
creasos P/P, increases and therefore “/Xy must decrease. To sceoupliah the de- 
стевае, Y must deeresso to the Yine corresponding to the new volue of y et the 
pertiouler deflection. Therefore, es P inereages, whether es sten funetion or by 
constently varying, c9 downward directly to the appropriate Y curve et tre par- 
tieular deflection (figuro 11}. "heo the У resistence peth peeess ite feilure 
daflection the horizonteol realatenee will по 1оряег be positive, but negative. 
Case ТҮ ~ Structure yielded end 2 decrasaing by sontinvous verintion. 

AB was shown in fírure ll for the step function, it taxes wery little ed- 
Q@tticnal deflection sfter = Isrge decresss in P to fully develop the zdditionel 
@lsetic resistence send bavo the structure agein go plestic. Consequsntly Гог the 
numeri¢el procedure where P is continuously decrersing co directly to the resist- 
anes peth st the perticulear deflection in s nemer similsr to firure 9 to deter- 
mine the horizontal resistence. 

2.6 Comparison of Tffect of Vertical lord with sporoxictete Kethod 

In referance 1 en approximate methad was ziven for allowing for tLe verticel 
load оп а freme. This method esnsiats of гейзеілг the moment carrying сересіїу 
ef the unloaded frene (no vertical losd) by the amount of the moment crested by 
the vertical 1022 and deflection. The preeeedine method, developed for allowing 
fer tha vartienl load, Giffers fron the ecproximete method in thet it nllows also 
for a Geerense in yield moment due to the axiri load on the column section. The 
eloge of the elsstio vortion o? the resistonce seg fonun to te lese than that of 
the approxiests method for the game екісі loed. 

A Comparigon o? the two methods ts shown іп figures 12 eng 13. Tre differ- 


ener between the two methodo is elasc detendent on tre value of thr ту ratio. 
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5.1 Fresueney end Period 

Tf the masa ЭТ tte girder end fiser ised ts teken to be learga іп есттегісот 
to the colam meitt, and/or e vrortion of the caluecn welstt tneluded in the rire 
дег weight, the netural frecueney of vibretion will ba: w= [Kim ; 
is previously noted Kya = зету (1-47) for vinned-end frase ami 11/15 (1-7) 
for fixed-ond (теле. The muss will бе May WET/ 4 g L for pinnad-bsse mi 
vue NEIS g u? for fixei-base. Tam the terel frequency for both pinnes эла 


fixod-besos «ill ta: 


со = |129 (1-7) (3.1.1) 


"^ Lr. 


In the slestio renge, when live vertiosl loed ts sdted, tha frecuency of vibre- 


со, =: 12 (1- 7 
| En Yu 


The frequency not sllowinz for reáuetion ín E (this leter being used eg s multi- 
plier) is: 


Oo = [i24 ,ده‎ = о = TD (3.1.5) 
РРА и 


Tf 5% is етогелбебй in teres of У (Ис), then: 


Tz 2тг “, т NA hotar) 
2 ТГ 


tion will be: 


te 


3.1.2) 





с МИ ~ У Т” 
F * | 
( SA c) (3.1.4) 
and DA 2 NZ . 
ғ 2 TT J 
9 
where T, {з period of structure not ineluciay effect of any vertical losd. 


tr = uh 
o T q — ota ) 
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17. VRT, УТРУ УТОК м! дор тг 
SECTION Y VE, 8 пиши ттот ТЕ HEITOR Тин 0 


4.1 form of Dasistence 

Instesi of s flat top v/A, vs. 6/2, diagram as rezresented by figure 2, let 
the section Y vs. € relation be such that it is better given by e V/v, vs. 2/8, 
raletion shown by figure 16. "tis type V/4, те. 8/8, dingres mígbt represent: 
(1) am ideel ization of the eetwel У ув, е diegrem. 
(2) The Y vs, € curva for an idealized Y section of o nuteriel with a stress- 
strain curve suck ва figure 15. 

Ур to mi inelu@ing thea yield poist, the form of the reuistenee will be the 


some 29 before. 


(1- т) H E (1- т) 
Je" (I- D "амап E e hr 


Beyond the gield point the rasistanes will be of s different form. The case of 
the ideelized Ti aection ia &osen to illustrete the general form of the borizon- 
tel resistance curves «fter yielding. The vit vs. 9/8, disgrer for such an 
idesl ¡zed section, vith e value of d= 0.2, is shown in Тірпге 16, Т1 if noted 
thet for large values of 6/8, the axiel lord on the ídenlized section does not 
effset tbe v/v. ув. 5/8, reistion, "owevar, for en setuel section there would be 
a emell difference, snd tte curve for the seturl section would Lie below eni to 
the right of thie ideslizead curve. Lut se 2/6, jotresges, the two epprasch eseh 
| other. 

To бое 66 effect of tbe vertic-l load, and 2180 the effeet of tha retio 
between Р. 553 Fop’ the caga of the fixed-base iteslizad Y sectíon has been Pork- 
ай осі for d= 0.2. 7 Маз heen бакал ка Û, C.l, 0.8 sad 0.9. Тос езеп of these 
ғу теіцев, Т/, тез takon ag 1 end 2. To obtaín tho reiseti^p between НИИ» en 4 ДА 
» numerical procedure, ss ostilií.ed in reference 2, wee used. Tha Ccoluza ves 
divided into eight segmenta må beecuse of the пзессоей symmetry for 5:18 севе 


only four sepments, or ona hel f of the enlumn, were worked with. То work tee 
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15. 
 mpumerjioel procedure s defleete? shepe and and moment were chosen. For the choeen 
moment £553 esti-nted doflaotion a new deflection shrpe wes worrel out, TF the 
derived deflection shape Cid not agrer with the sagumed deflection shape tbo 
values rere itersted, stinteining the eri moment fixed st the chosan veloe. Ur- 
wally, if the value of the essumei deflection Yo FFE oven close to the correct 
velue for the chosen end zoment, the derived value of tha ieflestion y, end Я 
from only one iteretion would lie on or very бісве to the resisteme curve. 

Tt oen be seen from figure 17 thet for large wlues of y/y, the velue of 
НИ le relstively independent of the valus of п/у ‚ bat hishiy dependent өп 7; 
es the curves for T= 7 end T=27 epprosehn ser: other cs yy. becoceg lergze. 
This сеп elso be saen by looking st the W/E, YS. 3/6, dagrea, figure ld. For 
the lerger values of W/Vy the value of 9/8, ía indesendent of the value of 7; 
but for a lover renge, Just sbove the yield point, the velue of s/t, depends on 
the value of T. For the lerger dofisetioos the tnelestie tetion #11] approneh 
tha center of the columns ead such of e column wu, will bs sbove the renge of 
deperdenes on T. Consequently, for lerger defleetions tue H/A, ve. y/¥, sill 
primerilr depend on Y, not T fa . Fowever, for amsller vrluss of y/*, the velus 
Of T will exercíse о ersat influenca on the shape of tre FF ve. y/Y curves es 
also shown by figure 17. 
4.2 lene of Pesistrrcs Curves 

Tt їв soted in figure 17 that Tor the value of Y: A the з/б, vs. у/ув 
(Curve approschea t horizentsl agyaptote for bte lerge veluas of У/Ув" Тура сер 
eleo be shown by the following: To find the (7 ad) relation for tho resietence 
curve tc egporoeck a borizontel *eyrptote consider yieldiaa provegrteld ap to een- 
ter. Tkis is only врртозійвнъе, na et center FT = 5; but yia dine Wee eporoech 
very Clone te center for thia work herdantng meterim) es was found in working ont 
nemeríosl ex rrleg. Then: 


5М, = Ya P(Sy,) (а .21) 
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16. 
«од 5% е% any point is; SM = - oM, t Р (64) 


end d (8) 2 ES Мета 
frot ski ab: 


= - ôM, a E À 
dy % cos × + Ват“ + Ми ; (4...2) 


x=L 
està xo  4(54), =o В P. 
Ju" o7 N 


fron which B = O. Therefore to satiafy tho slooe et x= L, si NN Т NEU. 


5 
У 


ne 


у әке? ná 12 увре 5 1 " ; te * = 
then siso be ezus? to 9, anê for eonpstitility of deflection; Cos Y та A О 


end cos r. (еј 


Th \% та 28 а i = . W таш ! 
Tkon Pera + mamat equal TT, sand = = 77 © fulfill thig 


геслігетепб y must equsld. 

AS inelosiia ection ves «easunod #20 ревефттће to the center the yele of 
try =o тії) Се slightly in error. Towever, tho velve 7 =d 15 sufficiently close 
for uss so a collapse criteris. Then for Y £ d. the "о 75. у/Ув curve will 
everywhere heta 9 зіоре > 0. ог "ба , sosa failure criteria other then the 
point st which tra denê lord will eruse tbe structure to continue to Jdeflast, 
vill hae to be entutlished., 

Por rel^tively lerze defleotiona, sesuming inelrstie setíon en-rerches the 
center, the elope of the З Бе УБ. у/У, curve, for y other tren Ye a sey be found 


іп а вісі1ет sansor. 





ОМ = -5Мь «4H x 4(54) P 5 (4.2.3) 
fron which: | 
- 6Hx P H "- $M, - óH x) 
sy = - (SM > 6 po) cos ж + SH них + (EM Fx! 


vk 


Текӛле t^^ тъ) ве 57? 9(54)/ 





„en? aliminsting B*X. by uso of ta reletion 
Xa 


М. = шыт, А Р (булу, ent substitution of N Mera = Ya. m » Fires ON ex- 


pression for о 31020 for relatively large veluer of v/y., of: 
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— daot gtis po tire s) rmo P 909 9 ded же 
и" |" "и «и. c.c р-н о dt 
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ғ = > _ ни 
4%) -1 E —cosy т) + SIN (> т Е n di -2 foster | 


The comparison of this ezustion with figure 17 16 good. 


TABLE 1 


оре from eque tion 


0.3 -9.055 
0.8 o 
0.3 9.105 


Figure D^ in the dimenstonles@e fore will ales hol? 


1808 from figure 
17 Тог ДА « 9 
-),07 
0.01 
0.10 


for criuned-base frame. 
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18. 
Y. PORT HINTS, PRET Tater oF зтоне — 
WE XA CF TER мы тока 
HOP м/м, Ұ2. e/6,, 1% POR O 
5.1 Form of vesistrnen 


The ease of siructura rosístunce 07 Te fora shown by figure 1E 18 trerted 


in this section. 2:8 before, the yielé point 18 defined by: 


m Hie = «¿EAS —— 
e% (m Там ДИТ) “УН, ar LE 


The second spring force, Kop, 16 taken to beca effective et y, o After 
yield the moment of T multiplied by sdditionel deflection must ђе stbtreeted Prom 
Е $^ > j e = 2 2 o 
the Y= 0 resisteneo curve. Por vertical loed, 5M,= 71T ET (8y)/2 С : 
whieh must be subtrected froo 5M, = a уа to determine the chense in 
м. 
г 
Ret 6M, - (ж - Y 1/2] K,L (64)/2 i fixed-bese) 
= [ E 117/12] К, L (54) — 


Thue the effective string constant efter yield for both D fixed snd sinned-bose und 


Тгттев will be: [a - 772] k, ° als v ent МУ . 


The collerss deflection will then be defined ty: 


(5.1.1) 


Че ФАМ {Үт | (1-7) (-ol + Y77/12) 
Y TI 2. 
The renga of welidity of this expraseaion ir for values of dless than ут ı2 . 
For values of œ — 2 , A failure deflection es defines’ in the intredaotion 
will not be reached. 
The form of the regueed resiatance curves ia the seme ne in section 1]. The 
ому difference from section TY ia the кісте after yield om gollaose deflaction, 


& typlesl curve isz Sho 15 figure 19, 
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19. 
V3, ОПАТ пе орбсомер зу БТРТ В 





For known veluss of (7, Wt, &, ¢ t,) applied to e etrusture the nuseri cs} 
m thog described in refermee 3 any be used to computo the response. Feference 4 
contains comparctive information on vther mumerieal asthods. Then the vertical 
time dependent load oceurs ss s step function, analytics] equations wry be used 
to compute the response. Towwevaer, if the verticei loed is eontinususly verying, 
or if it is desired to completely trace cut the motion the nusoriesl method is 
much more advantagsous. The refinewnt here t the numerics) sothed of reference 
З із in the method of obtrininz “he horizontel resistence curves. Unite wed in 


the numerical rathod ere: 


Quantity Terms of unntity Terms of 
з 2 
у/Ув» A/a 5 Не 0129081001058 m кую, 
7/7. со. 


The first step towsrde әсізіпт tho огоо іва is to esteblish a serías of у 
Felis tente curves, such es figures 7 end 8, overing the гп of vertical loads 
to be encountered. For t^e fist tor section moment-eurvature reletion of section 
IY end for tte caso where the structure resistance sfter yield is a straight 
line, section V, but not horizontal, the eonstructios of theese eurves is very 
везу. Put for tho 12011102 mogent-curveture reletion after viald, section TV, 
the goagtruc tion of a set of resiatance eurves ie net so omy. * typicul set of 
these wea shown in figure 17. The Method of obtainim these wss outlined in seg- 
tion 4.1. After tha rezistanco curves ere Gistructed the numerical step by step 
proceso беп be started. At mer tive intervel the veluee of y emd ote] * 
that instant determine Y, Tre metio! of transition between tho verious resist- 
ance Gurves wns show: in section 1.5 end fieure 11, This sto» by ste» procedure 


traces out the deflection, velocity ad acerleretion at enc: time interval, The 
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80. 
eccureey depends `o the choren time interval end beta velue used (referente 3j. 
Yor rapid epproxinstions bets equal to O may be used. *so tiis numeriesl1 method 

ill give the sexisun dafleetion ead action theresfter and will detect tf strue- 
ture is unetsble. 

hen the vertícsl tine dspentant load ogenrs as sten Funetion the unalysionl 

eQuetiíiona con be used to give the response. Yor sore than sn isolates point of 
the response the nunerter] method still has sdventeges; sepecizilly if the deflee- 
tion st the end 27 the lord pulse із prenter thom the yield defleetion. The 
snelyt)enl equetionm sre used in section 8,2 where the sew ecqustion sonstents 
Сеп бе used anvare] times. The Procedure used in section B.E is slightly меді - 
fios in that st the end of the loed pules the kinetic exergy of the system ig 
used to metoh vith the resistence work of tha structure to determino whet the ud- 
ditional deflaet]on will be after the end of the loed pulaa eng to determine if 
the structures ia stable under the esplied 10908. Taine tha energy in this mennar 


does по) determine the tine to rerch the mre ximum deflection. 
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7.2 Cummary of Ceetion 


Рре?. Ч.х. Weuwnnpk, Зпіуегаїсу ог 11110248, has devised a eethed far деһег- 
fining om approximate equivelent uniform resistence to produce e peximun deflee- 
tion equel to some nreñetersined values for the опре shore Ко OF the structure о 
but of eonstsnt veluc. Tn thig section rof. Voezerk's method ів takon end 
edented to the crae of the frene with aonstsnt vert/iesl loas; i.t., 20% we in 
terme of the structurel properties shen the effeet of the vertical load on tre 
spring coustents ond yield point in sonsideved. fter day putetien of sertein 
questities pertaining to tke strueiuro, reference 5 cen be ugeg to find tha logg- 
Time relation for the structure fr horizoatel Loete cecurring aa step fusction, 
initínl реак, termínel peak end intermedirte seak., Also the armor of this an- 
proximete unifor”z equivelent method, for the enan of mexivua deflection equal to 
eollospse deflection, is shown ene « recommendation бог т 2404415851021 correction 
fector is given. The correction feetor savera the renee of tı/T, between 0.1 end 
1.0. This method is for s reoid spproxi- tion of the resvorss when дева тога is 


to De teken into seoouni sn3 verticel tí6 deoseadent 1008 eat included. 


7,2 [ese І ~ naxine Deflastion uel} to (у јерве Reflection (Tixed ond Tinne- 
28508 \ 


The pennine of on eeuivaslent uniform rasintense tod relation of the »uen- 


tities {revolved is {iluetratei in Fio-umre 70. 28 before: 
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The ratio т is used ns a peramster in rafsresce 5, $, is tim duration of the 
lowed pulse in seeonda. T in this csse ig: 


o" P Teo, 173. 


The proeedure for uee of reference 5 ip $2 compute tue rotío Xp ћу ¡hen I? 


~ 


> 
4 


the tire t, is known the retio 21/7 сеп te computed. From tbe esprorriste chart 
of reference 5 for tte typo loai pulse th: value of @ tent will just enuse the 
maximus deflection to be aquel to the collapse deflection oon be teen. 

fhe feetor Q 1s equel to E e ° TP the *ngnitude of the averzgo cf the 


1554 instenü sf tj is known the value cf ti /7 thrt wiil Уље ceuss eollepse oan 


be found. 


7.5 Case IJ ~ Shere the Desired Vexicun Safleetion le less “han Фра сове 
Deflection (fixed — "innod- Sana) 


The quentities involved ere illustr«tad in fieure 21. 
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23. 
the ty/T ratio is known the v&lue of Q determined ibet will cause the maximum de- 
flection to be equal to y,. © = SA 
7.4 Correction Factor 

ín esction VITT plota sre megn cf tha avereza horizontal end vertinel load 
тв. the t;/f, ratio thet will produce tbo mexímun deflection equel to te epl- 
lapse deflection. Two different structures ere enslyzed. Ona is with Te ye і 
or Р, twice Fon, and with dend loed of 0.1 Ро. and 0.05 Pao The sther one 16 
with 7:27 , ог Р, ове half of Poy, nnd with a denê lord 02 0.2 Pao WÊ 0.4 Pao 
“hese two censos cover e wide renge ef rm elastic column with un vers light deng 
tosd to an inalestic пої отп with = such heavier dend load. These structures ere 
subjected to lonê functions in the form of step, initiel ent teminsl peak 
Pulsed. 

Valuas of 21/8, for Gifferent velues of 1/7, heave been com2uted using the 
appreximets equivelent uniform reeistente and compared with tie voulues from вөв- 
tion VITI for Y, equel to 0. The ratio t3/T, is used as a bese of comparison in 
section VIII enà thua the retic t1/7 used in tbe sphnroxiemste sethoü hes to be 
converted to То A plot of the @ error found for tte renge ef 6/7. vet ween 
8.1 amA 1.0 ia skom in figure 22. T le яһота thet ths error for all coses et e 
сі төп t,/To ratio ia sot a coustant amount, but theta general trend is follownd 
without s larza sprond. The spread in the £ of error Gould rostibly to from both 
error in rerding the cbsrts of reference 5 asd in thea atrueturo response itself. 
The error is given in percertsge 2f correst 4,/H, at n particular tj/T, retio. 

A Welwe of the error in the range of t1/75 between C.] amd 1.0 thet fits the 
avereqe of the anses worked out is: 4 еггот = 12 (1 ~ (t/a) - 4 {persbolie). 
Although this error is bemed on tko correct velua of 4,/2,; to e»zstruct в А Bo 
vs. t1/To curva for the neximus deflection equal ta ts соїхерае deflection, 
using the eguivelent unifors reeistence, the reaistanes “әу be figured for the 


oqti ralnt wniform resiatence an! Then tie errar for thet t /To subtrected. Pe- 
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nuse of the geall emunt of tne percentage of the error the correction оту be 


based on the © error multiplied by tue computed 4,, в* 
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8.1 af Sestic 

In this section e study is mede of the effect of the dead load end time de- 
pendent verticel losda on the horizontal response of » simple freme when slso sub- 
jeeted to a horizontal tine dependent load. hen in the dicersinnless fore the 
response of the fixed end pinned-bese frames ic the same. Points to ba investi- 
gated ere: (a) ern tbe verticel des4 losó under suy ecireurstrnces be neglected; 
(5) what effect does the deed losd keya on tte response; (e) what effect does the 
shape of ths foreing function have on the response; (4) when may the vertícsl 
time dependeat lond be neglected and (e) can a relation be found to relete the 
response of ibo structure when subjected to the different type foreing funetions. 

‘gs a first step towerds studying this sroble: tem different Pixed-base 
structures were taken. Ths two were chosen to ba very different in chrerecteris- 
ties to deteraines if both followed tha geome cenarei trend in response. The first, 
frame A, wos Vith elastic counne with © very light dead load. For this frame 

т = 7 and 7 and Т кеге sesianad the values of 0.1 гла 0.05 respsetively. The 
other freco, frame E, was with inelestic соїцтоє, with T= 27 ond y end т chosen 
as 0,2 and 0,4 геггесбітеіу to represent м coluaz With 2 much бієбег шалып of 
dead load. 

Then to obtain a picture of the rearoner of thess two frunes they were заећ 
first subjected to horizventel tice derendent losd functions in the forms of step 
pulse, initiel and terminel peor pulses. Tith these type load functions it wea 
then found for different serri tudea о” the Gvertre harizontel loed, 81» what dur- 
ation of tive in terns of %)/Тр Фе 1054 could be apolied end have the maximum 
deflection equel the collepes deflection. Then A, is slotted vs. ТАУ; for the 
two fremes. “ha collapse dafisection for free A la ТАР = 13.58 end for frame В 


ЖАР = 3.65. These plots are shown in figures 25 to Se. 
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26. 
Next, vertical loads in ad@ition to the \origortsl were serlied to eseh of 

the freeas. The verticel loaie меге ог the smie tyne function £g tbe -arizontel 
losd ent of the sams time duration (figure 15. Tt wen thon fourd wbo5 conbins- 
tion 0721, Y, (әтетеде tire Qependent татујевх јовбј а: durrtion, $: ИРь. would 
preduee the axximue defleeticn sausi to the colli saves defleetion. "te volues of 44 
ча. %1/т, wors then р10%%еб, for curves of conetant reount of Yy, for etch struc- 
türe, for onek type of loed function, These curves era ahomn in fleures 55 to JE, 


8,2 1051 Computation Tor фер mise 





The vertical load, other then the dead load, occurs =s 2 atep funetion fig- 
ге 


иге 25е). The solution of the equation af metion, 07 “А) > E, in tre elestie 


тепле while ^ ects will be cf the fors: 


Ч Di /He (9.0.1) 
74. | l= ыл) | E Cos ІР ад 02. Е D 
where Yiotel "we * +Ү,). 
While А; and y, ere still sating ssd frame olastic; 
E > (3.2.21 
Y, = — Sie €» - 7...) Зім C2 TEA t 
Зе |(1-7 s 
ковао 
IfA, із 8511: eotina when Ter [= begel op Venter! ie reached, %,, the time 
to ree ch Yer’ will be: 4 | сет) 
a= cos "6.2 tanner 4.8.3) 
— (T TIT 2 ~ چ‎ e 
Wy (4 Р УОЛА) 
Pelosi ty 1% yiela, Ay et111 seting, will be: 
6.9.4) 


TPO, still etts aftar Fep the eourtion of motion wil) be: 


y ER A yt we ж isi ie ы г + 
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sn. 

5, 10 ~, 3|. a tro step З ів leos then vslus nt yg from step £ esuetian 2.8.5 
la used for tae motion efter yield. 
6. Gonstants со, Во, Y end V сто computed. 
Y. Pick e trisl value of $ (in бегла of l/a) Тог use 1m ecuetion 7.1.5. This 
will be tie efter yield (47 = © + ta). Compute %, Me end Ч. 2, озт- 
реге with унјце fros step 2. 
В. Березі step 7 ustil v»lues cbinined derne with those from stop 2, The velue 
of t} then obtained will be in terms of 14%. The rat!o t4/T& or tj/T ss desired 
теу be co-puted. 

Oeution must te exercised se in some places ye заб Уау Berend on Y end 
nu ? рез" 

Besulte of this ere plotted in figures 25, 26, 29, 31 са 3 for frames + ope 
P. Results sre plotted in terms ofA, vs. р/т for lines of constent escunt of 
Tiotal’ t1/To wee chosen in lieu of ut, because nlots taken fros reference 5 
for eomperison use the tíse retiío t3/?p. 


8.3 {eel computetion for Initieel end Terminal “eek Pulses 





The dnterminstion of the proper costinetion of Ay, ty end Y, (in form of 
figures 23 b and с) does not resdiiy lend itself to amstheretiosl equntiohs. Por 
these the пештегі ебі step by ste^ procoduro is used. The detersineticn of the 
proper eosbínstion of а, t, $7) i9 more tedious then tha Droceture for the (te 
function. 

Here values or Ду, t4 ond ', sre etosen (Tet being given).  "esponse 15 then 


worked out by © ater by 8te5 nurerierl ”roctedure. 





and | ere cheoked for agreement with eveti- 
v iy t1/3e gr і 


Tha values of Y 
eble energy ee in step 2 of "'.? for the ete» function. 3f egreoetent ie not ob- 
tained, t) is chimgad end È naw g^lution obterned. "Тіз rochas is continued un- 
til egreesant ic obtained. 

Nenuite for thia proesdura ere shown in figures 217, 28, 30, 31 end S5. Pere 


egein resuits tre niottid £ Ме та. t1/T, for lines of eonstent Море 
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The кгетусыте curve Sor terminal ce Jniti«l geek Во) воа Le tebe into ececount 
безі 1сей, Мита 7, = ©, Loy de vey well чути des yal, “tar tre amro Ar the 
p function ie Suva, ty wine Vo relstim @ нс (6/51. Me prntitios of tte 


ere nn in Dome =. 





| Asother relation between 20- «Қөп ій uitia сети pulaes thet 10106 very 
| 
| слове is: “he reepoest 27 э пера не ои duhiemeten to © WE спі time depend- 


E in the fors of аф pait ial pene mle iu emcee of 57, end average oF 





ти fe eqeivetent tu the respon of tha strcctuye wher вета t5 p aten 
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| deflection for the deal 1063 57 (је Seer, 755414 ew стер if Pig 


ure 24. 

| Por the espec Ortê wi, De «тесіле 27 д, Тот бов 1000061 md homes, mel 
^— peak pulens tae been әлстевтей fa ters of мо мет ще ОТ Жон &lloweie4 Fur 
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20029 ond Computation 

A study is wade mere of the effect of initial eroskedaess on the rearonss of 
an elestie colusn “Тез sub jected 50 an sxial loved, equel or ereeter in nagnitude 
then the eritical buekling load, end which loed reduces to O for t (O0. The large 
deflection theory is used. 

The сої ал will be simulated by the тобе) illustrated іп figure 97, 
Disturbing отел? = ry 
nestoring Wovent: E lA - %,) = K (sn y sin, / ) $ (1.1.1) 
where е •» 1/2. 


=i І 
Then: мұ LZ = Py ЕЛЕР 24 - SIN ФА) (1.1.8) 
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EE «wu e unde є > 

let: p-2P . ЖИ = for ori ticel lord. 
end let: JA щі A. | P=M My or oriticel los 
Then: = [ PAH - ~ (SIN u = sim” 2) реа for 07151081 loud. 


Af % " 0, usu turo 
Por ed eoxbtinetion of u, mí P, DP being eithin dynamic espacity of the 
column, there exists s unique point, Brent: of etatic aguilibrivun ct mhick tho ac- 
celeration will be zero. 
Thus: p/a u ий * todas - ein"^u, (1.2.5) 
& plot of heat 78° Ro for throe enses, p/q = 0.98, 1.00 апі 1.08, is shown 
in figure 38. It is noted thet for tre case of р/а = 1.00 the plot of Uneut “ee 
Фо» when plotted on log-log poper, іа a Streight line. Then z loed of tke ste» 
pulse forn, for #hich P = O for t < O, is applied to the model with initial 
erookednesg Ye ooluvsn will displeco to some maxi wasn deflection ond then return 
to 2. end repert the cycle cver «nd over es long ws P acts wd there is no Amp- 
ing. 
Phees plene ûi agrws of й тв, о от а, С. DY, 0.00) ond 6.0% ава э/з = 


1.00 and 1.02 ere mowa in figure 39, “pese depre vera chtained using stop оу 
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55. 
step numerical integration. Also the ties required to гов! Чавх 2928 брош for 
p/q * 1.00 end 1.02 is plotted vs. u, in figure АС. 

To determine ths velocity st eny isolated poict on the phaso olene disgrem 
without working the cseplete numerical eolution uv to thet point the energy of 


the system теу be used to determine this velocity. The force et x: 
U (ін! й y 
Foree = Maq [PA м u ~ SIN чи | (1.1.4) 


Tho work performed up to sore Чо 16: 


© 
Work = ши" - аита - {1и + (S100 ag) | (1.2.5) 
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This work goes into change of kinetic ev»eorgy. Mth п = С 25 t$ « б this yields: 
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tL, = (7.1.6) 
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If Чо ів chosen greeter than hex Tor the particuler о this expression for 
tie will Ве ісерілегу» 
І.2 Diseuszion 

The prisery object hera is to discuss the effect initial erookedness has on 
toe шалі вит resronse sn? the tina гелшгей бо roto this митра тавропва. 


For sush a ceso tie magnitude of u.s. 901 u,,. decreeses ss uw, (monsure of 
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initlel erookeiness! decroesso.  . vlot of ув. u, for the case a pec, 


Чех 
oritieal losá, gives ea streicht Line when plotted on log-log preoer, figure 40, 
ror the renge o? цо between 0.00001 eng C.Ol., Then as Uy Spproackss O so does 
the velee of both Пру MA Una» ¿lso in Tiguro 40 the timo requirel to reach 
Umex 220 treut ° Чо 19 mom for the rence af u, between 0O.COCOO0l und C.Ol. The 
Sime te resch these values, "hes, vlotted on lag-lag por, for the cae of the 
Long equel te the critics] loed yes siritt lines. The tise te roeeh these 


values inoreeses es bra initiel crooke4pest decresses. MWe tire in this plot ie 


expressed in terns of 1//q. ts the vrlue of u, approsnden O tbe velu of the tim 
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36. 
approeches so ; showing that for a perfectly atreight column «ith no disturbing 
moment the colwan will not deflect unter the eritiesl load. The time it takes a 
@oluen to deflect under tne lord my te өп importent factor. For ug = 0,01 the 
“m to reseh Upey 18 8-7Ї1/Уб) end tine to reach Umag ie 13.4(2/17), (p = а), 
whereas for u, = 0.00001 the tive tO Uneyy is 41(1/Vq} end the time to ung, is 65 
(A/V. Та studying e epecífle case these times would ba comprrad to the loed 
pulee dur&tion. If the lond pulse furetion is longer then the tice rsquiras to 
rauch u,., the coluna woul’ vibrate between Usung and u, with the veloeity-dis- 
placosmt reletion sham бу th pkhose plane diegrera, firure 59. 

Then the p/q retio is incressed sbove 1 the vslue® of tiggg em@ Unaye аге in- 
cresce above the values for the load equsi to the сг 1021 load. 2 plot of 
theese, ws well es the tine to reach these velues, із show in figure 40 for p/q = 
1.08, These plots sre no longer lineer even when plotted оп 100-106 pper., "ie 
QUEVOS for Une, 9d Uneys, 22 Uy appragches O, approach a horizontal asyaptste of 
рід а = ја“. Forever, at по equal to O, ihis value Of tapy OM Uneu, із тие 
inglees, as sine CrOokedness or eceentricity is require to trigger off the 
column. For the lerger veluoz of uy, renge sf 0.001 to 9.01, the tim required 
to read посі із grenter then for tre cose of the oritieni lone тод the time re- 
quireé to reach maximus deflection is lesa then for the erga cf the lead equal to 
the eritieel lord. AS 0, decreases the valuas of the tismoa deereuses from those 
for the ease of the critical load, se shown in Figure 40; but tho plots do slope 


upwerd to the left with ineroscing tine for decreasing uge 


ЦРНЕ 
= М 


„пију. рабин вабо om anth ninh 1 — 
сомы а «= ———— — | 
ли Хо оці что а ыыы “зе 
al mt SOPALIB ат желт Чё та лаж рима e 
© e ا‎ IVA a о већи аз tin 

— — —— б Ма ан smell иу паде време 
С емген cito чайы відн сент рот «ә Sa надам 
ie el ій a u — — “мк кем и 

T. м anal „пи mma em чё me 2.4 өзе һың 
A —⸗ и 
дур" КЕ | өт оч Фей 


amt dm c apa cuca, m Ошо а ИШ 
| БЕЧ — — — og er ai tem Ве 
io IDA A A QU ted eua ue ⸗ 
TEE m pe лети туђе 
. Ө Va ee — —— nm aha 

` m O ¿DAA a at u Daunen rend тей Te 7 dme 
ту UN mi бат пеш ілмегіне" mas — ҙ,, т 4мет ей 
dl po bel ph нн 
е ж) — —— MA ae оте amd туђини + 
өтіл — зва ded VOR em IDA] eee we Dros arm crt so m Mona 
ве" = A | 
— » b oai - | А — — 






























La e > - | سا‎ - 


- = • А е в ? 


IPP Ti. У ЗЕТУ рт рај 


Газе 
ам avy re ^m es ~ , 
РИК ТИГТ: М. УТУР. CIT 


aa 

1 

ых 

Е 

4 4 





t stuly te made here of the cesa Sf er inftielly etreinht eolusn sub fected to 
ап axiel leed equel to or gretter then the eritiesl buckling long. After the load 
is applied the column is shen given mn initial diooleGesezt, uj, "ni relensod. 
The effoct of tha negnitude of the tieriscenent on the mexinuz ¿dia leenment md 
tive to reset. this 29 xi mun Aisclseezent jð to Бе investignted. is a specific px- 


ипрја tho cese of p/q = 1,02 la teken end the response investireted. 


а = 4 Ph 4 -(ӨП o- ам по) (11.1.1) 


«а =l 
Rut Uy = 0 ond therefore: = а) 
Yor the static equilibriwn positian: р/а п м sinia, 
Рог р/ч = 1, бізің > е fer wll values of u > 0; and upp, for р/а е i 1s O. For 


211 values of р/с > № Uneyt 12 greater then О. The work done on the apes U fn 





going from uy to some other uo is: 
иг 


- =) 
Work = Mata pur ~USIN Ww - Vi-w (Ir.i.2) 
24 


Us, 


This work goes into ehenging “inetie mary of the mess. Then: 


(71.21.64 





for the ease being studied ty has been taken юв O. nd for suy vsluo of 

ornina 5 | ехртетајот 11.1.3 for yoloe tts mes im = 
ча > Чаєх (Часх 4970711108 Uy цу) ехргоєвіоп TT.1.% for ye ty becomes imagin 
РУ» 

Whese pleno dlagrose breve bean constructed for чу 80181 to 2.301, 2.01, 9.1, 
0.30, 0.53 and 0,50, To obtain the notion of the colan a nunerical foliation of 
LEJ ~! 

u = 4[P%, 7 SIN и ens Más using the bete method of refermes о; ewi vete 
taken os © with a fine ti@e intervel. 7190, the anergy of the syste can be used 


to detorvine the veloeity ct desired роја of 41 3014 сазор% . For both methods 
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38. 
` extreme зсситасу cunt be usod. If more then the velocity et tec or threes points 
| is Aesíred the numenicsl oetbo3 is sdvontageoua over the use Of the anergy of the 
вузе. 

TI.2 Diseuseion 

The phage plene di acres computed «re рожа us figure 41, There the plot ia 
й те. u. A plot of Usaz Vs. З; in shown in figure 48. A phot of the tize to 
reach лах ел Чренф 19 "бота in figure 43, 

As shown by both figures 41 end 42 the emount of the initial dieturbenee, 
when leas then чу equal C.l, has чету little effect on the maximum displecenent. 
This ia borne cat when the smell amount of energy rencved fror the aysten by the 
&anller 1.1ti&l displecarents is considered. 

AS W (uy с Челн) 18 increesed the volwe of u_,, will decresse, but will be 
greeter then Unnyt- Uneyt 14 independest of uy. If uj i8 grester then Uneyt, 
but less then u,,x for uj-0, tbe deflection will not Inerense when released, but 
will decrease, emi the відізат усіно will be the same es Uy would have had to be 
to produse a Ugar SIAL ia amgnitude to this induced чү. 

If ay is grester than Unax Tor uyy — 0, the mesa will heve Kinetic energy 
when the eolucn reacties the sero deflesticn position. The өзілеп will then gon- 
tinue on zart the equilibrium position nnd will repeet the loop on the opposite 
side. A case of this is shown in figure 41 for uj equel 0.50 end ty Tor ui > O 
із 0.469. For a, > Чаах for в) — О, зу із ц. 

For the case of р/с equal 1.08 the time required to rereh the atetic equi- 
librius position end мо мем deflection {a ahow in figure 43. 7748 iz a plot or 
time va, initial Acflsetion amd is given on lor-lLor reper. For p/q = 1.62 the 
time іс rench the meximum deflacetion piots as 5 streight Line when tho initiel 
Gisterbence ія 10590 then the s$tetie eouílibrium position. "5 the vale of Y 
equel to or grantar tiknan tbe síiatio oouílibriw position the tine reduces to О, 
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39. 
tísa is slso жоя in Meare 45 for р/с е 1,09. This doce not plot es ae straight 
line on the log-log re^or. However, for твісен OF U < Ща, it does bave a 
eonsStent differences с? tion fron the tios required to reech nexium йЙәгізеті оп» 

In this ease thet hos been worked mt to show the Influence of the initial 
¿teturtenes on the wexieur deflestican and tives to #ieplage the emount of the erial 
load has beon tekon es only 1.02 Of the eritiori load mi the lerge deflection 
theory used. Tver this ата] 1 amut of lord above бе critiasl load makes a 


large difference in the amount of tbe csfiecti on. 


<= 
ыыы MIN f ж ем” ДЖО.) = fe oo m nt sen an ar anes 
L т, у a Y AS у к 421 
ADA AA aet of | ин га це md Y ти“  _ ] 
рн: emot mitos eft mee sê ne ere emd om be cw apo 
ù— wi Wm umm. ют e ria mm зы 
о О Я ОДО АЕ mn ee med өш АЁ 

^ -—— ық есіме өй тты, іе mam [Tom 4000 > ет үне 


қ HA el Hmm — ашшы 












— — 
om + у — es an 
ғыт 

¡ho 
т ee 

Фе - 

—— — 

- 9 єю» Е 








|I 
О 


% 


1.0 le, 


Fig. l - Stress - Strain Curve for 
Ideal Plastic Material 
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Fig. 4 - Pinned- Base Frane 
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Fig. 5 - Fixed - Base Frame 
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Fig. 10 - Step Function Variation of Vertical Load 
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Fig. 15 - Stress - Strain Curve for 
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Fig. 33 - Proportionality Between Pulse Types for y, = 0 
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Fig. 37 - Colum Model for Appendixes I and II 
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